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(54) Multi-layered disc and multi- layered disc reproducing apparatus 



(57) A mufti-layered disc (D1 , D2, D3) is provided 
with a plurality of recording layers laminated with each 
other in a direction of a normal line of the recording lay- 
ers , i n each of which an information data recording area 
(2, 4) for recording information data and a control data 
recording area (1 , 3) for recording control data to control 
an operation of recording and/or reproducing the infor- 



mation data are disposed on a same plane, the control 
data being recorded by a CAV method over a plurality 
of tracks in the control data recording area. The control 
data recording area in each of the recording layers is 
disposed such that the control data recording area (1 ) 
of one of the recording layers is not superimposed with 
the control data recording area (3) of another of the re- 
cording layers in the direction of the normal line. 
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Description 

[0001] The present invention relates to a multi-lay- 
ered disc in which a plurality of recording layers for re- 
cording information data are laminated, and also to a 5 
multi-layered disc reproducing apparatus for reproduc- 
ing the information data recorded on the mutti-layered 
disc. 

[0002] As one of various types of optical discs, there 
is an optical disc having a recording surface, which is 
recorded by a pre-format. This optical disc has a control 
area and a data area on the recording surface. In the 
control area, control data, which deaJ with recording/ re- 
producing conditions, e,g,, recording power of a light 
beam, a recording modulation method, etc., when re- 
cording the information data into the data area, are re- 
corded. Thecontrol area is separated into a PEP (Phase 
Encoded Part) area, where one portion of the control 
data are recorded in the form of a PEP signal, and a 
SFP (Standard Formatted Part) area, where another 
portion of the control data are recorded in the form of a 
SFP signal. In the data area, the information data to be 
reproduced are recorded as the SFP signal. 
[0003] Since the PEP signal recorded in the PEP area 
is arranged such that it can be read out without the track- 
ing servo, the combination of the mirror portion and a 
plurality of pits indicating 1 bit is recorded with a much 
larger size than the pit size in the SFP area In other 
words, the combinations are recorded with a low densi- 
ty. 

[0004] Developing the information data with a larger 
capacity of an optical disc is attempted, and the demand 
for a multi-layered disc having two or more recording 
layers is increased. Therefore, as for a multi-layered 
disc, it is desirable to provide a multi-layered disc having 
the PEP area in which the above mentioned control data 
are recorded in the inner circumferential portion of each 
recording layer, and to provide a multi-layered disc re- 
producing apparatus which can read out the information 
data in the data area of each recording layer on the basis 
of the control data in the PEP area. 
[0005] It is therefore an object of the present invention 
to provide a multi-layered disc and a multi-layered disc 
reproducing apparatus, by which the control data de- 
si red to be reproduced in the recording layer can be ac- 
curately read out, and thereby the information data in 
the data area of the recording layer can be certainly read 
out. 

[0006] The above object of the present invention can 
be achieved by a first multi-layered disc comprising a 
plurality of recording layers laminated with each other 
in a direction of a normal line of the recording layers, in 
each of which an information data recording area for re- 
cording information data and a control data recording 
area for recording control data to control an operation 
of recording and/or reproducing the information data are 
disposed on a same plane, the control data being re- 
corded by a CAV method over a plurality of tracks in the 



control data recording area, the control data recording 
area in each of the recording layers being disposed such 
that thecontrol data recording area of one of the record- 
ing layers is not superimposed with the control data re- 
cording area of another of the recording layers in the 
direction of the normal line. 

[0007] According to the first multi-layered disc of the 
present invention, the control data recording areas of 
the recording layers, which are recorded with the control 
data by the CAV method, are disposed at such positions 
respectively that they are not superimposed or over- 
lapped with each other in the normal direction of the 
disc. Therefore, when reproducing one control data, 
which is recorded in one control data recording area : by 
the multi-layered disc reproducing apparatus, it is pos- 
sible to prevent another control data recorded in another 
control data recording area from being superimposed or 
overlapped with the one control data. Accordingly, it is 
possible to accurately reproduce the control data, and 
to thereby reproduce the information data surely from 
the data area on the basis of the accurately reproduced 
control data. 

[0008] The above object of the present invention can 
be also achieved by a second multi-layered disc com- 
prising a plurality of recording layers laminated with 
each other in a direction of a normal line of the recording 
layers, in each of which an information data recording 
area for recording information data and a control data 
recording area for recording control data to control an 
operation of recording and/or reproducing the informa- 
tion data are disposed on a same plane, the control data 
being recorded by a CAV method over a plurality of 
tracks in thecontrol data recording area, the control data 
being recorded in only one of the recording layers. 
[0009] According to the second multi-layered disc of 
the present invention, thecontrol data recording areas 
of the respective recording layers are superimposed or 
overlapped with each other, and only one of the record- 
ing layers is recorded with the control data by the CAV 
method. Therefore, it is possible for the multi-layered 
disc reproducing apparatus to accurately reproduce the 
control data in the control data recording area of any 
one of the recording layers whose control data recording 
areas are superimposed with each other 
[0010] In one aspect of the first or second multi-lay- 
ered disc of the present invention, the control data are 
recorded as a PEP signal 

[001 1 ] By constructing in th is manner, it is possible to 
accurately reproduce the PEP signal which is recorded 
at a low density in each of the recording layers of the 
multi- layered disc. 

[0012] In another aspect of the first or second multi- 
iayered disc of the present invention, the multi-layered 
disc is further provided with a second control data re- 
cording area for recording a second control data to con- 
trol the operation of recording and/or reproducing the 
information data in the recording layers. 
[0013] By constructing in this manner, it is possible to 
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utilize the control data having the larger data vofume. 
[0014] The above object of the present invention can 
be also achieved by a first mu It i -layered disc reproduc- 
ing apparatus for reproducing the information data re- 
corded on the above described first multi-layered disc 5 
of the present invention. 

[0015] The above object of the present invention can 
be also achieved by a second multi-layered disc repro- 
ducing apparatus for reproducing the information data 
recorded on the above described second multi-layered 
disc of the present invention. 

[0016] The lirst or second multi-layered disc repro- 
ducing apparatus is provided with: a detection signal 
outputting device for outputting a detection signal, which 
carries the control data in the control data record area, 
on the basis of a reflected light obtained by an Irradiation 
of a reading light onto the control data recording area; 
a control data reproducing device for reproducing the 
conlroJ data on the basis of the detection signal output- 
ted from the detection signal outputting device; and an 
information data reproduction controlling device for re- 
producing the information data recorded in the informa- 
tion data recording area on the basis of the reproduced 
control data. 

[0017] In one aspect of the first or second multi-lay- 
ered disc reproducing apparatus of the present inven- 
tion, the control data reproducing apparatus is provided 
with: a low pass filter for extracting a control data signal 
based on the control data from the detection signal; and 
a control data decoder for generating the control data 
by the control data signal extracted by the low pass filter 
[0018] In this aspect having the low pass filter, of the 
first or second mu It i- layered disc reproducing apparatus 
of the present invention, the low pass filter may have a 
cut-off frequency, which is a double frequency of a rep- 
etition frequency of a longest pit carrying the control da- 
ta, and an attenuation characteristic, which attenuates 
the detection signal from a standard level of the low pass 
filter by the cut-off frequency. 

[0019] In this aspect having the low pass filter, the low 
pass filter may have an attenuation characteristic which 
attenuates more than 40 dB from a standard level of the 
low pass filter at a repetition frequency of a SFP (Stand- 
ard Formatted Part) signal having a longest pit. 
[0020] According to the first or second multi-layered 
disc reproducing apparatus in various aspects thereof, 
the PEP signals due to the control data are not super- 
imposed on the detection signal outputled by the detec- 
tion signal outputting device, on the basis of the reflect- 
ed light obtained by the irradiation of the reading light 
onto the control data recording area of the recording lay- 
er in the multi-layered disc, it is possible to accurately 
reproduce the control data on the basis of the detection 
signal supplied from the control data reproducing de- 
vice. 

[0021] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with respect to preferred em- 
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bodiments of the invention when read in conjunction 
with the accompanying drawings briefly described be- 
low. 

[0022] In the Drawings; 

FIG, 1 is a diagram showing a pre-format structure 
of each recording layer, i.e., the first layer and the 
second layer, of an optical disc D1 whose one side 
has two layers, as a multi-layered disc of the first 
embodiment of the present invention; 
FIG. 2 is a block diagram of a multi-layered disc re- 
producing apparatus of the embodiment of the 
present invention; 

FIG, 3A is a cross sectional view of each recording 
layer showing one focus condition of the reading 
beam in each recording layer, while irradiating the 
reading beam onto the optical disc, in the embodi- 
ment; 

FIG. 3B is a cross sectional view of each recording 
layer showing another focus condition of the read- 
ing beam in each recording layer, while irradiating 
the reading beam onto the optical disc, in the em- 
bodiment; 

FIG. 4, consisting of FIG, 4A to FIG. 4D, show a 
waveform of each signal outputted by each portion 
of the reproducing apparatus S1 in which FIG. 4A 
and FIG. 4B are charts showing the waveforms of 
the RF signal and the PEP data respectively on the 
basis of the reflective light from the PEP area while 
FIG. 4C and FIG. 4D are charts showing those on 
the basis of the reflective light from the dummy area, 
in the embodiment; 

FIG . 5 is a graph showing one example of filler char- 
acteristics of a LPF 14, in the embodiment; 
FIG. 6 is a diagram showing a pre-format structure 
of each recording layer of an optical disc D2 whose 
one side has two layers, in a multi-layered disc of 
the second embodiment of the present invention; 
FIG. 7 is a diagram showing a pre-format structure 
of each recording layer of an optical disc D3 whose 
one side has two layers, in a muiti- layered disc of 
the third embodiment of the present invention; 
FIG. 8 is a plan view showing a schematic structure 
of the recording surface of the optical disc, which is 
one example of a pre-format; 
FIG. 9 is a magnified partial plan view showing a pit 
array for the PEP signal recorded in the PEP area 
of the optical disc of FIG. 9; 

FIG. 1 0 is a diagram showing one example of a data 
structure in the PEP area of the optical disc of FIG. 
9; and 

FIG. 11 is a diagram showing an operation of read- 
ing a signal in the PEP area of the optical disc of 
FIG. 9. 

[0023] Referring to the accompanying drawings, em- 
bodiments of the present invention will be now ex- 
plained. 
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[0024] Before describing a tangible structure as well 
as the action or operation of the embodiment of the 
present invention, a basic structure of the recording sur- 
face of the optical disc, which has the control area and 
the data area, as well as the basic principle of the repro- s 
ducing operation thereof is explained with reference to 
FIG. 8 top FIG. 11. 

[0025] FIG. 8 shows a schematic structure of a re- 
cording surface of an optical disc, which is recorded by 
one example of a pre-forrnat As shown in FIG. 8. an 
optica] disc D100 comprises a control area and a data 
area. In the control area, control data, which deal with 
recording/ reproducing conditions, e g., recording pow- 
er of a light beam, a recording modulation method, etc , 
when recording the information data into the data area, 
are recorded. Moreover, the control area is separated 
into a PEP (Phase Encoded Part) area, where one por- 
tion of the control data are recorded in the form of a PEP 
signal, and a SFP (Standard Formatted Part) area, 
where another portion of the control data are recorded 
in the form of a SFP signal incidentally, in the data area, 
the information data to be reproduced are recorded as 
the SFP signal. 

[0026] FfG. 9 is an explanatory drawing indicative of 
a pit array of the PEP signal recorded in the PEP area. 
The PEP signal is formed by a pair of a pit sequence 
area, in which a pit sequence is formed, and a mirror 
area, in which the pit sequence is not formed (but re- 
mained as a mirror like surface), within an area indica- 
tive of 1 bit, i.e., a "1 bit representation area", on one 
track. For example, if the data to be recorded is "0" ; the 
first half portion of the 1 bit representation area is the pit 
sequence area, and the latter half portion is the mirror 
area. In the same manner, if the data to be recorded is 
"1", the first half portion of the 1 bit representation area 
is the mirror area and the latter half portion is the pit 
sequence area. In other words, changing from the pit 
sequence area to the mirror area represents "0", and 
changing from the mirror area to the pit sequence area 
represents "1". 

[0027] Moreover, each of the same data is recorded 
in respective one of the tracks in the PEP area by the 
CAV (Constant Angular Velocity) method. The pit se- 
quence area and the mirror area of each track are ar- 
rayed in a line in the direction of a radius of the disc, i. 
e,, in the radial direction, as shown in FIG. 9. 
[0028] In case of reading out the PEP signal from the 
PEP area formed in the above mentioned manner, a re- 
producing apparatus does not have to use a tracking 
servo which allows a reading beam to follow and trace 
one track. In other words, because the same signal is 
recorded by the CAV method as the PEP signal in the 
PEP area, as shown in FIG. 9, the pit sequence area 
and the mirror sequence area within each track are ar- 
rayed or oriented in the direction of the radius of the disc. 
Even when the disc is rotationally d riven and the readi ng 
beam crosses the track sequences in the PEP area di- 
agonally in such a condition that the tracking servo is 
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open, because the pit sequence area and the mirror ar- 
ea clearly can be distinguished from each other, it is pos- 
sible to read out the data by detecting a condition of 
changing from the pit sequence area to the mirror area, 
or changing from the mirror area to the pit sequence ar- 
ea. The distinguishing between the pit sequence area 
and the mirror area can be realized, for example, by us- 
ing a LP F (Low Pass Filter), which employs a long period 
enough for a repetition period of the pit sequence as a 
cut-off period. 

[0029] On the other hand, the SFP signal is a so- 
called standard formatted signal or a standard type sig- 
nal, which carries information by the presence and ab- 
sence of the pit. and the reproducing apparatus needs 
the tracking servo which allows the reading beam to fol- 
low one track because the information to be recorded in 
each track is different from each other. 
[0030] FIG. 1 0 shows one example of the data struc- 
ture in the PEP area. As shown in FIG. 10, the PEP area 
is recorded by the CAV method, and the amount of in- 
formation on each track is constant e.g., 563.9 bits. One 
track consists of the integral number of sectors, e.g., 3 
sectors. Each sector consists of, for example, 177 bits 
in the information amount, and a gap equivalent to 11 
bits or 10.9 bits is formed between the sectors. Each 
sector consists of a preamble of 1 6 bits, a synchronized 
detecting sink of 1 bit, a track address / sector address 
of 24 bits, a control data of 128 bits, and an cyclic re- 
dundancy code (CRC) of 8 bits 

[0031] Thecontrol data includes signals relatingtothe 
following; an identification signal to distinguish the servo 
method, the reflectance ratio of the disc, the distinction 
CAV / CLV (Constant Linear Velocity) in the data area, 
the reading power, the distinction between the tracks 
(the land or the groove), and so on. In this manner, in 
the PEP area, each of the same control data is recorded 
in each of 3 sectors on one track, and they are recorded 
such that each of the same signals is aligned in a posi- 
tion with the same radius in respective one of the tracks 
as for a plurality of tracks. 

[0032] FIG. 1 1 is an explanatory drawing indicative of 
the operation of reading the signal in the PEP area. As 
shown with the arrows P and P' in FfG. 11 , the reading 
beam irradiated from an optical pickup in the reproduc- 
ing apparatus, in which the tracking servo is open, 
crosses a plurality of tracks in the PEP area in the di- 
rection from the inner circumference to the outer circum- 
ference, or in the opposite direction, depending on the 
eccentricity of the disc. Since each of the same signals 
is recorded in the respective one of the plurality of tracks 
in the PEP area, by the CAV method, i.e., in such a way 
that the same signals are aligned in the positions with 
the same radius in the respective one of the tracks, the 
substantially same RF signal as one reproduced in trac- 
ing the surface of the same track can be reproduced, 
even if a point for detecting the information of the optical 
pickup, Le , the reading beam, crosses each track. 
[0033] In this manner, since the PEP signal recorded 
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in the PEP area is arranged such that it can be read out 
without the tracking servo, the combination of the mirror 
portion and a plurality of pits indicating 1 bit is recorded 
with a much larger size than the pit size in the SFP area. 
In other words, the combinations are recorded with a 
low density. 

[0034] As for the multi-layered disc as explained 
above with reference to FIG. 8 to 11, it is desirable that 
the above mentioned control data are recorded in the 
inner circumferential portion of each recording layer, 
and that the multi-layered disc reproducing apparatus 
can read out the information data in the data area of 
each recording layer on the basis of the control data in 
the PEP area. 

[0035] In view of the above, the present embodiment 
is constructed such that the control data desired to be 
reproduced in the recording layer can be accurately 
read out, and thereby the information data in the data 
area of the recording layer can be certainly read out, as 
described hereinbelow, with reference to FIG. 1 to FIG. 
7, 

[0036] FIG. 1 shows a pre-format structure of each re- 
cording layer, i.e., a first recording layer and a second 
recording layer, of an optical disc D1 whose one side 
has two layers, as a multi-layered disc of the first em- 
bodiment of the present invention. 
[0037J IncidentaJJy, the opttcal disc D1 is formed such 
that a transparent substrate is laminated with the first 
recording layer, a middle reflective layer, the second re- 
cording layer, and a reflective layer in this order. 
[0038] As shown in FIG. 1 , the first recording layer of 
the optical disc D1 is divided into two areas (as in the 
left half of FIG. 1 ). One is a PEP area 1 as a control data 
recording area placed on the inner circumferential side, 
and another is a data area 2 as an information data re- 
cording area placed on the outer circumferential side. 
[0039] In the PEP area 1 , various kinds of control da- 
ta, such as the number of recording layers of the optical 
disc D1 , a layer number of each recording layer, identi- 
fication information, which indicates whether each re- 
cording layer can only read out information data or can 
record information data, a reproducing control method 
needed for reproducing the information data recorded 
in each recording layer and the like (hereinbelow, those 
are referred to as "PEP data") are recorded. 
[0040] Furthermore, the information data to be repro- 
duced are recorded in the data area 2. The information 
data is recorded as a SFP signal. 
[0041 ] Incidentally, the information data in the data ar- 
ea 2 include the control data needed for reproducing the 
respective data, such as address information and the 
like, in the recording layer. 

[0042] On the other hand, the second recording layer 
is divided into two areas (as in the right half of FIG, 1). 
One is a dummy area 3 placed on the inner circumfer- 
ential side, and another is a data area 4 placed on the 
outer circumferential side. 

[0043] The dummy area 3 is placed at a position to be 



superimposed with the PEP area 1 of the first recording 
layer in the direction of the normal line of the disc. The 
dummy data, which are "0" data or "1 " data or a combi- 
nation of them, are recorded as the SFP signal. 

s [0044] Moreover, the information data to be repro- 
duced are recorded in the data area 4. The information 
data are also recorded as the SFP signal, as is the case 
with the information data in the data area 2 in the first 
recording layer. 

10 [0045] Incidentally, the information data in the data ar- 
ea 4 include the control data needed for reproducing the 
respective data, such as the address information and 
the like, in the recording layer, as is the case with the 
data area 2. 

15 [0046] The optical disc D1 may be schematically con- 
stituted as mentioned above, and the respective data in 
each recording layer are reproduced by a reproducing 
apparatus S1 described below. 

[0047] FIG. 2 is a block diagram of the multi-layered 
20 disc reproducing apparatus S 1 of the preferred embod- 
iment of the present invention. 

[0048] In FIG. 2, the reproducing apparatus S1 is pro- 
vided with a spindle motor 5, a turn table 6 fixed on the 
rotation axis of the spindle motor 5, a damper 7. a stop- 

25 per 8, an optical pickup 9, a CPU (Central Processing 
Unit) 1 0, a servo device 11 , a slider 12, a head amplifier 
13, a PEP data reproduction b)ock 1S, a display device 
18, and a memory device 19. Incidentally, the PEP data 
reproduction block 16 has a LPF (Low Pass Filter) 14 

30 and a PEP decoder 1 5. 

[0049] In the reproducing apparatus S1, the optical 
disc D1 is attached to be rotatable, by holding the optical 
disc D1 between the clamper 7 and the turn table 6 fixed 
on the rotation axis of the spindle motor 5. Then, in the 

35 reproducing apparatus S1 , the CPU 1 0, as one example 
of a controlling device for controlling each constitutional 
element, controls the servo device 11 according to a re- 
production command. In response to this, the servo de- 
vice 1 1 controls a rotation of the spindle motor 5, as the 

40 occasion demands, so that the optica! disc D1 can be 
rotated. At the same time, the servo device 11 also con- 
trols the slider 12, as one example of a moving device 
for moving the pickup 9, to move the pickup 9 along the 
direction of the disc radius as the occasion demands, to 

45 thereby make the reading light focus on a required re- 
cording fayer at the position of the pickup 9, so that the 
recorded data can be read out. 

[0050] The stopper 8 is a stopping member to stop the 
optical pickup 9 in the predetermined initial position on 
50 the inner circumferential side of the disc. The stopper 8 
is placed such that the reading light is irradiated onto 
the PEP area 1 or the dummy area 3 superimposed 
therewith, when the pickup 9 is at the above mentioned 
initial position. 

55 [0051] The pickup 9 is one example of the optically 
reading device as to the optical disc and is placed to 
make it possible to move the reading light through the 
slider 12 in the direction of the radius of the disc. Ac- 
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cording to the control from the servo device 11 in re- 
sponse to the control from the CPU 10, the pickup 9 
makes the reading light focus on either of the recording 
layers in the optical disc D1 as a multi-layered disc. 
Then, the pickup 9 receives the reflective light from the 
recording layer with the not-illustrated light receiving el- 
ement, converts it into an electric signal, and supplies it 
to the head amplifier 13. 

[0052] The head amplifier 13 generates a servo con- 
trolling signal and an RF (Radio Frequency) signal on 
the basis of the received electric signal, supplies the ser- 
vo controlling signal to the servo device ,11 1 and also 
supplies the RF signal to the PEP data reproduction 
block 1 6 and the SFP data reproduction block 1 7. 
[0053] The PEP data reproduction block 1 6 is one ex- 
ample of a device for reproducing the control data re- 
corded as the PEP signal in the control information 
record area of the multi-layered disc, i.e., a device for 
reproducing the PEP data. The LPF 14, as one example 
of a low pass filter, extracts the PEP signal from among 
the RF signal supplied from the head amplifier 13, and 
supplies it to the PEP decoder 1 5. The PEP decoder 15 
reproduces the PEP data on the basis of the PEP signal 
supplied from the LPF 14 under the control of the CPU 
1 0, and supplies it to the CPU 1 0, 
[0054] The SFP data reproduction block 1 7 is one ex- 
ample of a device for reproducing the SFP data such as 
the information data, the control data, and so on, which 
are recorded as the SFP signals. The SFP data repro- 
duction block 1 7 is also one example of a device for ex- 
tracting the SFP signal, which carries each information 
data in the data area in each recording layer of the op- 
tical disc D1 , to thereby reproduce the information data 
on the basis of the SFP signal. Namely, the SFP data 
reproduction block 17 extracts the SFP signal of the in- 
formation data in the data area of the recording layer on 
which the pickup 9 establishes the focusing, from 
among the RF signals supplied from the head amplifier 
13, reproduces the SFP data using this SFP signal by 
the decoder thereof, and supplies the reproduced SFP 
data to to the CPU 10. 

[0055] The CPU 10 controls the memory device 19, 
as one example of a device for temporally storing vari- 
ous kinds of data, to store the above mentioned PEP 
data supplied Irom the PEP data reproduction block 1 6. 
Moreover, the CPU 10 supplies the SFP data, which are 
supplied from the SFP data reproduction block 1 7, to a 
not-illustrated RF decoder The CPU 10 also extracts 
the above mentioned control data and controls the 
memory device 19 to store the control data, if the SFP 
data include the control data. As a result, the CPU 10 
can acquire the PEP data, which are needed for repro- 
ducing the information data in each recording layer, and 
the control data, which are included in the SFP data, as 
the occasion demands. Then, the CPU 10 performs a 
reproduction control for the information data of the op- 
tical disc D1 on the basis of the control data in this kind, 
and also controls the display device 1 8 to display the 



reproduced information data, the control information 
and so on, as the occasion demands. 
[0056] With reference to the reproducing apparatus 
S1 constituted like the above, when the information data 
5 in each recording layer of the opticaJ disc D1 are repro- 
duced, the PEP data needed for reproducing the infor- 
mation data in each recording layer of the optical disc 
D1 are firstly reproduced, and they are stored into the 
memory device 19. Then, an address and the recording 
layer of the information data to be reproduced are ac- 
quired on the basis of the stored PEP data, and the in- 
formation data are reproduced from the relevant ad- 
dress. 

[0057J Next, a method of reproducing the PEP data 
of the optica! disc D1 by the reproducing apparatus S1 
will be explained with reference to FIG. 3A through FIG. 

5. 

[0058] The reproducing apparatus S 1 moves the pick- 
up 9 to the initial position, and irradiate the first recording 
layer or the second recording layer of the optical disc 
D1 with the reading beam, and then receives the reflec- 
tive light from the rotating optical disc D1 , as the CPU 
10 controls the servo device 1 1 based on the reproduc- 
ing command. 

[0059] Each of FIG. 3A and FIG. 3B is a cross sec- 
tional view of the recording layers showing a focus con- 
dition of the reading beam in respective one of the re- 
cording layers at the initial position while irradiating the 
reading beam onto the optical disc. More concretely 
FIG. 3A shows that the reading light focuses on the PEP 
area 1 in the first recording layer. FIG. 3B shows that 
the reading light focuses on the dummy area 3 in the 
second layer. 

[0060] As shown in FIG. 3A, when the reading beam 
emitted from the pickup 9 is controlled to focus on the 
PEP area in the first recording layer, the reflective light 
from the pit sequence area recorded in the PEP area is 
generated. At the same time, the reflective light from the 
second recording layer is also generated, because the 
reading beam irradiated onto the PEP area is partially 
irradiated onto the second recording layer after passing 
through the first recording layer. In other words, the re- 
flective light from the optical disc is such a light that the 
reflective light from the PEP area in the first recording 
layer is superimposed by the reflective tight Irom the pit 
sequence carrying the dummy data in the second re- 
cording layer. 

[0061] However, because the reading beam irradiat- 
ed onto the second recording layer is controlled to focus 
on the surface of the first recording layer, the second 
recording layer becomes in the defocus condition cor- 
responding to the interlayer distance between the first 
recording layer and the second recording layer and its 
spot size becomes larger than one in the focus condi- 
tion. In other words, the spot size in the defocus condi- 
tion does not have enough resolution to read out the pit 
sequence carrying the dummy data which are recorded 
as the SFP signal, and the SFP signal component In- 
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eluded in the reflective light becomes extremely small. 
[0062] Therefore, as shown in FIG. 4A, the main com- 
ponent of RF signal outputtedfrom the pickup 9 through 
the head amplifier 13 becomes a component of the re- 
flective light from the pit sequence area and the mirror 
area m the PEP area, and the RF signal becomes the 
PEP signal, which is binary signal, indicative of chang- 
ing from the pit sequence area to the mirror area or from 
the mirror area to the pit sequence area, as shown in 
FIG. 4B, after the LPF 14 removes, from the RF signal, 
a high frequency component, i.e., a component relating 
to the pit sequence. 

[0063] On the other hand, as shown in FIG. 3B, when 
the reading beam emitted from the pickup 9 is controlled 
to focus on the dummy area in the second reading layer, 
the reflective light from the pit sequence, which carries 
the dummy data recorded in the dummy area, is gener- 
ated. At the same time, the reflective light from the read- 
ing beam irradiated onto the surface of the first recording 
layer is also generated. In other words, the reflective 
light is such a light that the reflective light from the pit 
sequence, which carries the dummy data in the second 
recording layer, is superimposed by the reflective light 
from the PEP area of the first recording layer 
[0064] Here, because the reading beam irradiated on- 
to the surface of the first recording layer is controlled to 
focus on the surface of the second recording layer, the 
surface of the first recording layer becomes in the defo- 
cus condition corresponding to the interlayer distance 
between the first recording layer and the second record- 
ing layer, and its spot size becomes larger than one in 
the focus condition. In other words, the spot size in the 
defocus condition does not have enough resolution to 
read out the pit sequence in the pit sequence area which 
is recorded in the PEP area, and the component of the 
pit sequence included in the reflective light becomes ex- 
tremely small. Nevertheless, this spot size gives enough 
resolution to read out the repetition component between 
the mirror area and the pit sequence area, which be- 
comes the PEP signal. 

[0065] Therefore, as shown in FIG. 4C, the main com- 
ponent of the RF signal outputted from the pickup 9 
through the head amplifier 13 is the high frequency com- 
ponent depending on the pit sequence recorded in the 
dummy area 3 and the PEP signal component (which is 
the repetition component between the prt sequence ar- 
ea and the mirror area in the PEP area with reference 
to the first recording layer). From the RF signal, the high 
frequency component is removed by the LPF 1 4. Thus, 
from the LPF 14, the PEP signal indicative of the chang- 
ing from the pit sequence area to the mirror area in the 
PEP area or the changing from the mirror area to the pit 
sequence area, is extracted, as shown in FIG. 4D. 
[0066] In this manner, whenever the reading beam is 
focused on either of the recording layers at the initial 
position, it is possible to extract the PEP signal through 
the LPF 14. 

[0067] FIG. 5 shows one example of the filter charac- 



teristic of the LPF 14. The LPF 14 employs the double 
frequency of the repetition frequency in the 1 bit repre- 
sentation area of the PEP signal (the frequency is re- 
ferred to "fpep"), as a cut-off frequency (fc). Its attenu- 

5 ation characteristic has attenuation gains more than 40 
dB with respect to the standard level of the pertinent fil- 
ter, for example D dB, at the repetition frequency of the 
■ SFP signal with the longest pit (the frequency is referred 
to "fsfp"). This characteristic allows the PEP signal to 

*0 pass through the LPF 1 4, and can remove the high fre- 
quency component including the pit sequence compo- 
nent in the PEP area and the SFP signal component, 
which is a noise due to the dummy data, from the RF 
signal. 

15 [0068] With reference to the construction in this kind, 
the LPF 14 extracts the PEP signal shown in FIG. 4B 
and supplies it to the PEP decoder 15, if the RF signal 
shown in FIG. 4A is supplied by the pickup 9 through 
the head amplifier 13. Alternatively, the LPF 14 extracts 
the PEP signal shown in FIG. 4D and supplies it to the 
PEP decoder 1 5, if the RF signal shown in FIG. 4C is 
supplied by the pickup 9 through the head amplifier 13. 
The PEP decoder 15 decodes the supplied PEP signal 
and reproduces the PEP data. 

[0069] As mentioned above, the reproducing appara- 
tus S1 reproduces the PEP data carrying the identifica- 
tion information and the lamination order information of 
the recording layer of the optical disc D1 , the information 
related to the information data in each recording layer 
and the like. Then r on the basis of this reproduced PEP 
data, the reproducing apparatus S1 controls the pickup 
9 and reproduces the information data from the data ar- 
ea in each recording layer 

[0070] In theabove explanation, such an example has 
been described that, in the multi-layered optical disc 
comprising the several recording layers laminated in the 
direction of the normal line of the disc, the PEP area is 
provided only in the first recording layer from the side of 
the surface that the reading beam is irradiated, and the 
mirror area and the pit sequence area carrying the PEP 
data are formed in this PEP area. The present invention, 
however, is not limited to this example. For example, the 
PEP area may be formed in the second recording layer. 
Even in this case, it is possible to accurately extract the 
PEP signal even if the reading beam Is focused on any 
one of the recording layers among a plurality of the re- 
cording layers, as mentioned above. 
[0071] Moreover, the PEP data as the control data 
may be recorded in the plurality of the recording layers. 
In this case, it is desirable that a plurality of PEP data 
are not superimposed or overlapped with each other in 
the direction of the normal line of the disk. FIG. 6 shows 
one example of such a structure. 
[0072] in FiG. 6, the first recording layer of the optical 
disc D2 is divided into 3 areas in such a manner that a 
PEP area 1 as the control data recording area, a dummy 
area 20, and a data area 2 as the information data re- 
cording area are arranged in this order from the inner 
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circumferential side (as in the left half of FIG 6) More- 
over, the second recording layer is divided into 3 area 
in such a manner that a dummy area 3 and a PEP area 
21 as the control data recording area, and a data area 
4 as the information data recording area are arranged 
inthls orderfrom the inner circumferential side (as in the 
right half of FIG. 6). 

[0073] The PEP area 1 comprises an area which is 
superimposed with the dummy area 2 in the second re- 
cording layer in the direction of the normal line of the 
recording surface. In the same manner, the dummy area 

20 comprises an area which is superimposed with the 
PEP area 21 in the second recording layer in the direc- 
tion of the normal line of the recording surface. Inciden- 
tally, each one of the PEP areas in the respective one 
of the recording layers is never superimposed with each 
other in the above mentioned direction of the normal 
line. Moreover, the dummy data are recorded as the 
SFP signal area in each dummy area. 

[0074] Even under this kind of constitution shown in 
FIG. 6, it is possible to extract the PEP signal through 
the LPF 14, even if any one of the recording layers is 
focused by the reading beam, in the same manner as 
the multi-layered disc shown in FIG. 1 . 
[007S] In case that the PEP area and the SFP area 
are required as the control area, it may be constituted 
such as shown in FIG. 7, 

[0076] Namely, the PEP area 1 , the dummy area 20 
and the SFP area 22 are arranged in this order from the 
inner circumferential side, as for the first recording layer, 
for example (as in the left half of FIG. 7). Moreover, as 
for the second recording layer, the dummy area 3, the 
PEP area 21 and the SFP area 23 area are arranged in 
this order from the inner circumferential side (as in the 
right half of FIG. 7). It is important for the relevant con- 
stitution to position the PEP area 1 and the PEP area 

21 not to be superimposed with each other in the direc- 
tion of the normal line of the recording surface. 
[0077] In addition, the optical disc of each one of the 
above mentioned relative embodiments is constituted 
by the one side multi-layered disc, which has two layers 
of the recording layer on one side of the disc. However, 
the multi-layered disc of the present invention is not lim- 
ited to this. The multi-layered disc may be formed with 
a plurality of layers, which are equal to or more than 
three layers, on one side or on both sides of the disc. 
[0078] Moreover, the PEP area may be provided in 
the multi-layered disc in any one of the recording layers 
without depending on the number of the recording layers 
of the disc. It may be provided in a plurality of different 
areas in the same recording layer. In this case, as to 
each surface of the disc, the dummy area may be 
formed in an area of another of the recording layers, 
which is superimposed with the relevant PEP area in 
one of the recording layers in which the PEP area is 
formed. 

[0079] Furthermore, each of the above mentioned 
embodiments is constituted such that the dummy data 



having the same recording density as the one of the in- 
formation data in each data area are recorded as the 
SFP signal in each dummy area of the optical disc. How- 
ever, the prevent invention is not limited to this. The 

5 dummy area may comprise a non-signal area in which 
data are not recorded, for example. 
[0080] In addition, as for each of the above mentioned 
embodiments, it has been explained that the optical disc 
as the multi-layered disc is a disc only for reproducing 

10 one or whole portion of the information data, which are 
recorded in advance in the data area in each recording 
layer. However, it is not necessary that the information 
data are recorded in each data area in advance. It is 
also possible that the optical disc as the multi-layered 

*5 disc is a disc for recording information data which has 
such a structure that one portion of the relative recording 
layers or whole recording layers comprises the data ar- 
ea where the information data area not recorded. 

20 

Claims 

1. A rnuJti-layered disc (D1 , D2, D3) characterized in 
that said multi-layered disc comprises a plurality of 

£5 recording layers laminated with each other in a di- 
rection of a normal line of said recording layers, in 
each of which an information data recording area 
(2, 4) for recording information data and a control 
data recording area (1,3) for recording control data 

so to control an operation of recording and/or repro- 
ducing the information data are disposed on a same 
plane, the control data being recorded by a CAV 
(Constant Angular Velocity) method over a plurality 
of tracks in said control data recording area, 

35 said control data recording area in each of 

said recording layers being disposed such that said 
control data recording area (1 ) of one of said record- 
ing layers is not superimposed with said control da- 
ta recording area (3) of another of said recording 

40 layers in the direction of the normal line. 

2. A multi-layered disc (D1 , D2, D3) characterized in 
that said multi-layered disc comprises a plurality of 
recording layers laminated with each other in a di- 

45 rection ol a normal line of said recording layers, in 
each of which an information data recording area 
(2, 4) for recording information data and a control 
data recording area (1,3) for recording control data 
to control an operation of recording and/or repro- 

50 ducingthe information data are disposed on a same 
plane, the control data being recorded by a CAV 
method over a plurality of tracks in said control data 
recording area, ■ 

the control data being recorded in only one of 

55 said recording layers. 

3. A multi-layered disc according to claim 1 or 2, char- 
acterized in that the control data are recorded as 
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a PEP (Phase Encoded Part) signal. 

4. A mufti-layered disc (D1 , D2, D3) according to any 
one of claims 1 to 3, characterized in that said mul- 
ti-layered disc further comprises a second control 5 
data recording area for recording a second control 
data to control the operation of recording and/or re- 
producing the inlormation data in said recordinglay- 
ers. 

10 

5. A multi-layered disc reproducing apparatus (S1 ) for 
reproducing information data recorded on a multi- 
layered disc comprising a plurality of recording lay- 
ers laminated with each other in a direction of a nor- 
mal line of said recording layers, in each of which 15 
an information data recording area for recording the 
information data and a control data recording area 

for recording control data to control an operation of 
recording and/or reproducing the information data 
are disposed on a same plane, the control data be- 20 
tng recorded by a CAV method over a plurality of 
tracks in said control data recording area, said con- 
trol data recording area in each of said recording 
layers being disposed such that said control data 
recording area of one of said recording layers is not 25 
superimposed with said control data recording area 
of another of said recording \ayer& in the direction 
of the normal line, characterized in that said multi- 
layered disc reproducing apparatus comprises : 

30 

a detection signal outputting device for output- 
ting a detection signal, which carries the control 
data in said control data record area, on the ba- 
sis of a reflected light obtained by an irradiation 
of a reading light onto said control data record- 35 
ing area; 

a control data reproducing device for reproduc- 
ing the control data on the basis of the detection 
signal outputted from said detection signal out- 
putting device; and 40 
an information data reproduction controlling de- 
vice for reproducing the information data re- 
corded in said information data recording area 
on the basis of the reproduced control data. 

45 

6. A multi-layered disc reproducing apparatus {S1 ) for 
reproducing information data recorded on a multi- 
layered disc (D1, D2, D3) comprising a plurality of 
recording layers laminated with each other in a di- 
rection of a normal line of said recording layers, in so 
each of which an information data recording area 

for recording the information data and a control data 
recording area for recording control data to control 
an operation of recording and/or reproducing the in- 
formation data are disposed on a same plane, the 55 
control data being recorded by a CAV method over 
a plurality of tracks in said control data recording 
area, the control data being recorded in only one of 



said recording layers, characterized in that said 
multi-layered disc reproducing apparatus compris- 
es: 

a detection signal outputting device for output- 
ting a detection signal, which carries the control 
data in said control data record area, on the ba- 
sis of a reflected light obtained by an irradiation 
of a reading light onto said control data record- 
ing area; 

a control data reproducing device (16) for re- 
producing the control data on the basis of the 
detection signal outputted from said detection 
signal outputting device; and 
an information data reproduction controlling de- 
vice (17) for reproducing the information data 
recorded in said information data recording ar- 
ea on the basis of the reproduced control data. 

7, A multi-layered disc reproducing apparatus (S1 ) ac- 
cording to claim 5 or 6, characterized in that said 
control data reproducing apparatus comprises: 

a low pass filter (14) for extracting a control data 
signal based on the control data from the de- 
tection signal; and 

a control data decoder (15) for generating the 
control data by the control data signal extracted 
by said low pass filter. 

6. A multi-layered disc reproducing apparatus (S1 ) ac- 
cording to claim 7, characterized in that said low 
pass filter (14) has a cut-off frequency, which is a 
double frequency of a repetition frequency of a long- 
est pit carrying the control data, and an attenuation 
characteristic, which attenuates the detection sig- 
nal from a standard level of said low pass filter by 
the cut-off frequency, 

9. A multi-layered disc reproducing apparatus (S1 ) ac- 
cording to claim 7, characterized in that said low 
pass filter (14) has an attenuation characteristic 
which attenuates more than 40 dB from a standard 
level of said low pass filter at a repetition frequency 
of a SFP (Standard Formatted Part) signal having 
a longest pit 
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with a plurality of recording layers laminated with each 
other in a direction of a normal line of the recording lay- 
ers, in each of which an information data recording area 
(2, 4) for recording information data and a control data 
recording area (1 , 3) for recording control data to control 
an operation of recording and/or reproducing the infor- 



mation data are disposed on a same plane, the control 
data being recorded by a CAV method over a plurality 
of tracks in the control data recording area. The control 
data recording area in each of the recording layers is 
disposed such that the control data recording area (1) 
of one of the recording layers is not superimposed with 
the control data recording area (3) of another of the re- 
cording layers in the direction of the normal line. 
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